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A brief overview of CHEMEX--a problem-solving,

tutorial style computer-assisted instructional course--is provided
and sample problems are offered. In CHEMEX, students receive problems
in advance and attempt to solve them before moving through the
computer program, which assists them in overcoming difficulties and
serves as a review mechanism. Problems based upon those contained in
the booklet "Chemical Calculations: An Audiotutorial Approach® and
covering the following topics are currently-available in CHEMEX: 1)
units and conversion factors, ‘figures, temperature, and density; 2)
atomic and molecular weights; 3} chemical equations, stoichiometry,

and balancing;

4) simple chemical reactions: ions, acids, oxidation

number, properties and oxides, hydroxides, hydrides cf the elements;
5) solutions, concentration, dilution, and titration; 6)
oxidation-reduction equations; 7) properties of gases; 8) solubility
product calculations; and 9) acids, bases. and pH talculations..
CHEMEX is written in Coursewriter III, Version 2 and supported on the
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INTRODUCTION

CHEMEX is a problem=-tutorial c.a.i.
course, designed both to help stu-
dents who are experiencing diffi-
culty in problem solving, and to

furnish an interesting and inter-
active means by which the more
accomplished students can review

this material.

The problems covered in CHEMEX are
set out on printed sheets that are

given to the students 1in advance,
perhaps as part of a "homewo rk'
assignment. Students should be
““encouraged to try solving the

problems on their own before coming

to CHEMEX. Within the program, the

student is asked to indicate which
problem he wishes to discuss. The
problem is then broken down into
small steps, but the student him=-
self must ultimately '"do the work",
although use of the '"desk calcul-
ator" function makes this work much

less tedious. Where certain basic
fundamentals are required, the
program attempts to gauge the

student's understanding of thezce

principles, and to provide a small
amount of remedial background where
necessary. .

It should be emphasized that' CHEMEX
ls not intended to serve as a
substitute for reading and study,
nor does it assume a lack of any
previous exposure to-. the subject
matter. If it is misused in this
way, the students.may well be able
to "work" the problems, but the
pedagogical value of the exercise
will be considerably diminished.
For maximum effectiveness, the
course Instructor should very care-
fully define the precise role that
this material and its manner of
presentation is to play 1In the
context of the overall course.
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PROBLEM COVERAGE

The problem sets SH which CHEMEX = is based are
those contained in the booklet WCHEMICAL CALCUL-
ATIONS: AN AUD!IOTUTORIAL APPROACH". Of the eighteen

problem units, only the ones indicated by an asterisk
are presently avallable in CHEMEX: -

cc 1 Units and conversion factors, significant Pigures, temperature,

density
cc 2 " Atomic and molecular weights, combining weights, formulas
cc 3 Chemica) equations, stoichiometry, and balancing
cc u Simple chemical reactions; ions, aéids, oxidat ion number;
properties of oxides, hydroxides, and hydrides of the elements,
cc 5 Solutions; concentration, dilution, and titration
¢cC 6 Physical and colligative propert ies of solutions
cc 7 Balancing oxidat ion-reduction equations
cC 8 FProperties of gases

ccC 9 Chemical equilibrium

cc 10 Solubifity product calculations

éc {1 Acids and bases; concepts and definitions, pH calculations

cC 12 Acids and basesy . hydrolysis, buffers, indicators, complex equilibria
cc 13 Electrical properties of solut ions; conductivity and electrolysis
cc 1y Chemical energetics and thermodynamics; the First Law

cc 15 Thermodynamics and equilibrium; the Second Law R

cc 16 Galvanic cells, electrode potentials, and chemical equilibrium

cc 17 Chemical dynamics and kinetics

cc 18 Nuclear chemistry and reactions

The audiotapes and other materials associated
with "CHEMICAL CALCULATIONS" are not required when
CHEMEX alone is used. " '

~ On the following pages are shown a number of
sample problems and c.a.i. dialogues taken from var-
fous sections of CHEMEX. No attempt has been made to
demonstrate the branchling, answer- processing and
remediation capablilities ~that have been bullt  Into
the course; 1n actual practice, it would be highly
unusual for a student to proceed through the material

in as stralghtforward and error-free manner as |Is
shown here. '



UNIT 1 .
DENSITY

1-5. The density of iron 1is 7.28 g/m&. What 1s the welght
(in grams) of a cubic inch of iron? If thrown Into u
container of water, what weight of water would 1t
displace? What would the iron weigh 1in water?

PROBLEM 1-5

Problem 1-5 really consists of four scparate thnugh rclated questions, SO0 wn'l) tala them
one by one. :
Flrstly, we must find the welght of 1.N0 cuhic Inch (cu 1n or In*e3) of lron from 'ts
density expressed in gm/ml. 1 miltititer s, for our purposes, the samc as 1 cublc
centimeter (cc, cu cm, or cme+«3). AY) we rust de here is find the numter of cu ¢n In
1.00 cu inch, and then multiply the welght of 1.00 cu cm (7.28 gm) hy this nomber,
u Give the number of cm there are per inch, using the number of sip flps that Is confistent
with our density measurement(7.28 pm/m}).
So, how many cm are there In one inch?

enner 2,64
0K, now how many cme*3 are there In 1.00 In*te3?
cense calc 2.54ue3
16.38702 - " _

eesnn 16.4

B

Etd
b

Good- the volume of the iron I5 71604 mi. What does eack ml (or cubic cm) of
iron welgh?

ceann 7, 28g

+
This, of course, 1s just its DENSITY. We h:ve 16.4 m) of lron, having &
density of 7.28 g/m). Vhat is the total mass (welght)?

sxexe calc 7.28 x 16.4
119.392 ' A
sasns 119p
Hext,?ﬁhat welght of water would be displaced?
seeax 16,4m)
The unlts here should be =7 MASS, not VOLUME. Try agalan.
senee 16, 4¢
Good--and flinally, we must find the (apparent) welght of the lron In water. The
actua) (alr) welght and the apparent welght Irn water will differ owing te the effect
of buoyancy. Do you understand this effect?
tenee yes
Good--then we can Ro oﬁ.
Let Wim) = welpght of the metal (in air):
Wiw) = weight of the water displaccd.
Nov: what !s the erxpression for finding the apparent wefpht of the f{ron in woter?
(You may leave out parentheses 1f you prefer,)

tannd Wm-lw

Rlight--we'll leave [t to you to Jo tha subtracticn!
END DF PROBLEM

O

EMC 333.54

v wanee 313g
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Estimate the atomic weight of bromline, using only the

data in the followlng table. Assume tha%, like Cannlzzarn
in 1860, you do not know the correct formudas of the
compounds llsted. How could the molecular welght data
have been obtalined? (Suggestion: start by calculating
the welght of bromine in one mole of each compound, and

then apply the law of multiple proportions).

Compound Molecular wt. %Z-bromine
hydrogen bromide : 81 - 98.7
aluminum bromide 267 8.8
‘sulfur bromide _ 224 71.4
phosphorus bromide 431 92.8
methylene bromicde 174 91.9
bromobenzene © 159 50.3

PROPLEM 2-5 ) - e

Notlce here that we do not know the formulas of the compounds listed In the
problem~~this 1s not necessary. We are glven the welght-composition of bromine

In each substance; this s an experimentally-determinable number that is independent
of any assurmptlons we make about brom!ne or the compounds. We are also glyen the
molecular weiphts of the compounds--as you may already know, molecular weifhts cuan
be deterriined from the propertlies of gases--and the substances iisted all happen

to exist as gases.

From these two sets of data, then, you should be able to flnd thc number of grams

of bromine In one mole of each compound. Ffor exomple, let's taoke the first compound
in the table-<hydrogen bromlde. How many grams of hydrogen bromlde are therc in

1.C mole of this substance?

takaw hl

. Of course|
Now how many grams of bromine are contalned in 1.0 mole of hydrogen bromlde?

#*aew calc .987 x 81
M.947
saver 70 g
Great- there are 79.9 (cal)l 1t:80) g of Br In 1 mole of hydroren bromide. This does not
tel) us much unless we compare It with several other substances. Plck any other
compound from the table given In the probliem and type In Its molecular welght.

adnas 174

0K, methylene bramide contalns Ql.ﬂﬁ bromine;
How many grams of bromine are In 1,0 mole of thls compound?

#eeee calc ,919 x 174
153.906
2T 1508
How select another compound from the table and type In [ts mol. wt.
vesss 159 '

OK, bromohenzene contains 58.3% bromine;
How many grams of bromine are In 1.0 mole of thls compound? -

v
#esee calc .503 x 159 *
“;9.977
aenne B g
That's 2 of them; now type In the mol. wt., of another from the table,
eesnn 431

aver
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0K, aluninum branide contains 289, 8% of bromine;
How many grans of broaine are In 1.6 mole of this compound? -

eesse cafc .22 g 267

231,766

se3ee 240}

OK- we have the following:
hydrogen bronlde 80 f2rams of bromine per mole
atuninum bromide 2L0 " " " IS "
sulfur bronide 16n " " " " “
phosphorus bromide yon ™ " ” " 0
methylene bronlde LA " " " "
bromohenzene gn ¢ " - " M

(...you will notfice that | have rounded off the answars a bitf) 4
Now tet's ossume that most of these compounds are fairly simple.  in at the first four,
anyway, contain only OHE atom of the other element. Their formulas Arr therefore HBrx,
AlBrx, SBrx, etc., where "x” is a “small, whole number™. .low since fth=sec compounds
contaln different amounts of bromine, the value of "x" wlll vary fr one to the other.
Call the molecular wt. of Bronine "M". 1f x =1 'n a compound, how many grams of
bromine wlll I mole of the compound contain? .o - o

[N
eeraw M oo ;

! s

Rlght! Receuse 1 mole of Br welghs "M"” grams.
And If the value of x 1s 3, how many grams of Br would the compound contaln per mole?

snase Im

So what we should do 15 Yook at the figures In the above table to see what value of K"
fits In here- what number appears Tn varlous multiples (f.e., various values of "x"}?

*eane 80

Right! 3

So thls must be the molecular welght of hromine. Hctlce that cur whole reasoning here
depends on law of rultiple proportions,which says that these values of “x" In the various
formulas are "small whole numbers". vie can ncw go on to find the formulas of some of
these compounds. Flrst, let’s ASSUME that hydrogen bronida is @ simple moleculie whose
formula §s NBr- 1.e., 1 H atom and 1 Br atem. |F this Is true, how many Br atoms would
there be for each atumipum atom In aluminum bromide?

tasan 3

Very good! So what wilt the forrula of alumlnum bromide be?
weeee AlRF3

Correct!
Now try writing a formula for sulfur bromide. (sulfur = S}

eeeee SBr2

Excellent!
Now try phosphorus bromlde,

«eses PAPS

>0K .phosphnrus bromide contalns 92.9% bromine;
Ho; many grams of bromine are In 1.0 mole of thls compound?

ssens calc 431 x .929

400.399
teees 400g <
That's 3 of them; now type In the 0l. wt, of arother from the table.
seeer 224
0K, sulfur bromide cantalns 71.4% bromine; 3
How many grams of bromine ore in 1.0 moie of this compound?
seasne calc 224 x 714

150,036 i .
xenes 160
Only one crpd left now; plcase type In Its mol. wt.

sneee 2R7

O
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Ttic appearance of a rock indicates that it is a mixture of
mugnesite (MgCOs) and quartz (SiOz). It is found that 1.00 g
of Lhe rock, on treatment with hydrochloric acid (HCl) yields
0.4h50 g off COz, Calculate the perc=ntage of magne51te and
the percentage of quartz in the rock. .

PROBLEN 3-7
In this problem, a certaln mass of carbon dioride (C0?) Is measured. Where does [t come
from?

seeee magnesite

Right!

We can write a part{al equation fnr this transformation: #gCO3 -=> (02

This equation Is not compicte, but It does show the molar relation between the marnesite
and the €02, since all the C ends up as €02, How many moles of €02 will 1 mole of HpCO3

I{n the rock produce? n

AR AR 1 )

0f coursel
And hovt much does each mole of COZ welgh?

fRRRS bhg

Rightt ’

Now In this experiment, we get 0.430 g of CO2. What fraction of a mole does this amount
to? .

exees calc .H30/H44
L

K N.0087727
sanne 00977 PRI .,
Very good! P

We find that 0.00977 (or 9.77 E~3) mole of C02 was produced. This means that there must
have been an equivalent number of moles of HgCO3 In the rock. How much does onec mole of
MgCO3 welgh? )
sxs2i data
At wts: Mg = 24.3, C = 12,0, 0 = 16.0.
sexsee cale 24.3 + 12 ¢ 48

8h.3
csene 84, 3¢

Correct.
And how' much does 0.00877 mole of Mgu03 welgh?

calc ,00977 x 84.3
--0.823611 - -
o'.nnn 824

Right.

The rock evidently contalned 0. 82h g of MgCO3. The weight of ;

tlhat |s the percent of magnesite In the rock? the rock was just 1.00 &.
ceene 82,44 e .. W

Very good,
END OF PROBLEM

Time on last problem = 5 minutes; please types the number of any other problem you desire.
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OX [DAT ION NUMBER

h-6 Wha! 1o the oxldation number of the underlined element in each
‘of the following: FeQ, Fep03, FeOy, Fes04, HoS, HoS804, 502,
504, HS07, NO, N20sz, NHoOH, HpPOZ, HzP40~ .f

Problem &-6 . )
in the following exampies, flad the axidatlon number of the underilined element.

I will type the formula, and you enter the oxidation number of the underlined
element. Flease remember to speclty each oxldation number as vafoor Me¥, Just
to make sure that you understand the baslic ldea here, let me ask you first~~what
is the common oxidatlon number of 0 (oxygen) In most of lts compounds?

dehee =2
Guod--and hydrogen?
/ seene )

? . Oops! You forgot the signli Please try agaln.

L TTT I 5 Y

0K, now let's get started.

Ee0?
sneee +2
Ee203?

ahaan 45

That's the TOTAL (positive) oxlidation no. of ALL the Fe. Now what |s
the oxidation no. of EACH Fe atom here?

rhnne 43

0K, very good- now how about
FgOk~- ? ({#otice that this Is a negative lon) 4

Atnae +3

HO-~-you are just guessing! Try again.

dsdr s 57

. Try again, Genlus! Thls would glve you an lon with an overal) charge of -16.

anaseh +8

HO--you are not taking the overaltl regative charge of * into ccount.
n a
“eg E the lor 1 a n

a

trath
o e 7 .
What [s the total oxidation number of oxygen In FeOt~-~ 7
teter +§
. Take another jook at that sigh. You blew It. Try agafn.
cChagh ~8
. 0K, now what number must the total POSITIVE oxldatlon nuribers In the malecule gJd up to?
canen 48 A
No, don't forget that this particular molecule Is an |
4 cn==lt carries twc nepati
charges. These charges resuit from an Imbalance of the totlal positive and neﬁp:?vn
cxidation numbers--the negative oxidation number 1s In excess, Pledse try again. )
: ranae 4f -
OK, so what will be the oxidation number of Fe in
EeOb~- 7 (Hotlice that thls is a negative fon)
taerer +§
Geod! Admittedly, that's an odd one,
O
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— UNIT 5

SOLUT IONS

5=, What volume of 0.0 M NO, sclution can be prepared frog

ny  2.00 g Of SF(NO3)2; | ) Q

b) %2 ml of 0.1 M Sr(NOs)z solution?

L g

PROBLEM 5 = 6 ' ’
This probiem has two part§ -'wh{cﬁ do you went to go through? (Both, or a, or b?)

wasan hoth " . . "
0K, we'll start with Part (a) first.
In Part (a), we start wlth 2.0n grams of solid strontium nitrate. How many MPLES of
Sr(NO3)2Z (MW = 212 g/mole) do we have here?
T L calcf 2/212

0.0094339
seeas 00943
0K, now how many moles of HITRATE ION (NO3~) does this glve us?
wesee , 0189
Very good - we have a tota) of 0.0189 mole of nitrate lon to work with. We want to find
how many llters of solutlon we can make, each liter contalning 0.0400 mole of nitrate ion.
Can you work thls out? ‘
*eave calc 189/400

0.4725
taxae 47210
Rightt Good work! . : .
tn Part (b) of Problem 5-6, we want to find how many titers of 2.0600 molar nitrate lon
solution can be prepared from 32.0 ml of 0.100H molar Sr(NO3)?2 solution.
Flrst, how many moles of Sr(NO3)2 are contained In each ml of this 0.100 M solution?
seeee L0001
Very good! Now how many mqoles of Sr(NO3)2 are there In 32.0 m! of 0.1n0 M solution?
eeses L0032 '

e . OK - this 1s the number of moles of Sr(NM3)2 in 32.0 m) of solution; now how many moles
of NITRATE {ON (:03-) arc present? ’

eavee 0064

Right! OK, we want to prepare a solutlon containing 0.0430 mole -of M03- [on per liter, and we
have 0.00E40 mole of this lon to work with, This (s less than 0.0400 rFule, so we
obvliously cannot prepare even one liter of 0.0400 molar solution, Haw much CAH we prepare?
eeene calc ,0064/.04

n.16 f
eanee 160 )

Very good - that's It on this one! L
END OF PROBLEN .

ERIC “

Aruitoxt provided by Eic:
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untr ro
Oxidat ion-Reduct ion

PROBLEN 7-2

Cr207-- ¢. H2503 =-> Cre+ee¢ + 1504~

dichronate lon + sulfurous acid -=-> chromlec fon « hydrogen sulfate ion

Which two elements change thelr oxidatlion numbers Ip thls recactlion?

eeens S and Cr
]
Right;
The two elcments directly Involved here are Cr and S. Is chromium oxidized or reduced
in this rcaction? f{answer o or r)

LA LR BN
How many eclectrons does each Cr atom.galn?

wtran [

NO- that's the no. of clectrons pained by GOTH of the Cr atoms in Cr207--;
each slngle Cr gains only 3 electrons.
Now fi11 In the blanks (use the space bar to position the typeball):

Cr207-- + =e> o Cress

——
an;-- 6 2

He have:

Cr207-= + Ge~ =-=)> 2Cres+ +

What substance rmust go In the blank space as the next step In balancing thls half-reactlian?
eesew O

10 - oxygen ls NOT a product of this reaction,

low this reaction Is carrica out tn acidic solution, meanin, that excess hydrugen iun

(H+) Is present. In this case, any "excess" oxygen atoms wll) be taken up to produce
molecules of HWATER.

How many water mojecules are produced here?

akane 7

We now have:

*+ Lr207-- + 6e- ==> 2Cre++ + 7JH20

What must be added to the blank space to balance this half-rcaction?
teswe |{4
How many li+'s are requlred?
caene 14
The reduction half reactlon Is now:
luii+ + Cr207-- + Ge= =-=> 2Cr+++ + 7420

Let's see If 1t Is ELECTRICALLY balanced.
Hhat Is the total charge shown on the right hand side of the equation?

eeene +3

N0 - remember that there are TUD Cr++¢ jons.
ceeee §

And what is the tota) charge on the LEFT slide?
aeewe +h

0K, so the reduction half-reactlion equation Is balanced.

Let's turn now to the OAINDATION half rcactlon. What element Is oxldized here?

eesve sulfur



Houw ey electrons does each sulfur ataors Ll ?
«sews_ 7
{
N t
Ve havn:,:
|

oy — M

4+ 12803 ~-> 1iSDh- ¢+ s
.whAt'substSHcé 215]) Q; add to the jeft side in order 1o balance thoe cguation for
DMGLL atons? o

cesse hlo ‘ ' . ’ .
This glves us:

H2G ¢ H2S03 ~--> NHSO4U- & 20- ¢

What's 1eft éVuf, that goes in the blank space?

tanns {{¢

How many H+ lons?

tetae 3

There are & NYDROGELS shown on the Yeft, but only ONE on the right. fow answer the
qestion.

aane 3
He now have:

H20 + HISQ3 =~=> 2e- ¢+ HSOh- + 3+

What Is the total electric charge shown on the RIGHT side?
AERENE d
"Correct. And what's the total charge on the LEFT? ¢ O

teeer the same

So the equation Is completely balanced. ¢0ur~réactlon is therefore a combination of the
two steps:

1 4+ Cr2o7-- 4 be-. -=> 2Cre++ ¢+ TI0 {reductlon)
H26 + H2503 ==> 2e- + HSO4- + 3+  (cxldation)
First, how many oxidotion steps are required for each reduction that takes pface?“
verne 3 ’
Our palr of equatlons becomes:
Wike ¢ Cr207-- '+ Ge- -=> 2Cre+s ¢ W20
320 ¢+ 3H2503 -=-> Be- +  }ISOH- * a9+
tiotlce that li+ fons appear on both sides of the eﬁuations. ffter you add the th_equatluns
togather and "cancel" them out, how many H+ will you have?
sanan § d -
And on which side of the equation (answer r or 1)?

Correct.
The summed cquation Js:

’ Cr207-~ ¢+ 32503 -=)> 2Creee + 3ISO4- + __ P20
Wthat number goes in the blank on the rlght?

axdad |

This halances the equation.

Q ‘
E lC FUD OF PROBLTHM



UNIT R

G4S LAwS

PROKLEM 3-7 »
We have here a pracilcal applteatica of tne eas law, The NaHCAOY congaleea In oo
baklng powder s cancertea fnte (a2 dreorm the volurie ot €02 prodbive t ai the G0 ovor  (are
of the avuen, e are to find the nuber of males of CO? produced, and (b Lelple o (he
sodiun hydreogen carhonaie (Ha{iC0}) contalned In the baking powder.
In thls problem, we wlll make use of the ldeal gas Vine PY = pRT.
Do you understand the meaning of Lhis reltation?

seest yos

Good.
We want to find the value of n, the number of moles of CO2 fas, from the values of
P; V, and T-durlns the bakinr process. Flrst, what will the pressure be (appraosiwately)?

®enz2e ] atm

Right.

We con assume that the pressure wlithin the blscult Is essentlally the atmosbherlic
bPressure at al'l tines- as more C02 is produced, the biscult expands, arn fthe pressure
Is kept from rising. We can call the pressure P = 1 atm. #How how about T?

*iexr LOC deg

DK, but please express it In deg-K.

seees 673 deg

Yery good.

And now, the volume. What Is the volume of (02 produced, measured at the tembPerature
and pressure of baking?

teene 20 ml /

NO- this Is the volume of the entlre biscult; the CO2 only accounts for one-quarter
of this volume.

What weight of

aaces 5 m)

0K, but please express the volume in LITERS, so we can substitute Into the equation of
state.

eaeee 005 ) v

owader.

Rightl

We now have: :

P 21 atm V = 0.005 llter T = 673 der K

and we want R in units of 1lter-atm: R = 0.820 liter-atm/deg

Now wrlte the equation of state PY = nRT In terms of n,the number of moles.

weexe naPV/RT

Assume that the gas reached its

Very good.
You can now substitute In the values of V¥, R, T, and P, and solve ‘ar n:
n = (1 atm)(D.00% 1iter ., ({0.820 lfiter-atn/deg)(673 deg})

B Work this out and enter your va:ue of n.
) sweee calc (.005)/(.820x573)
0.000009
*eess ,00N00D ~—

You don't have enourh sig fipgs In your answer. If you twed CALS

to evaluate the erprrssion, you lout a lor of siy (g 1 y.u

entered ", 005" and divided by the dennminater. Try wabng S400" fread,
and then erpressing your answer as an exponentlal,

calc Snn/(.820 x 675?
0.9060268
teeee 9,06e-6

very gondi
We get 9.0f E-6 mole of c02.
Now how many moles of sodiur hydroren carbonate did we start out with?

sodium bicarbonate (NaHCO3;) was contained in the baking

of which one-fourth consists of empty space made by gas
powder in that biscuit?

A biscuit made with baking powder has a volume of 20 m%,
bubbles produced by the baking p

final volume during the baking process when the

temperature was 400°C.

exene same NO,

Good.

The tormula welght of HalCO3 = 23 + 9] + 12 o 3016) = 84 .
What Is the mass of N#HCG3 In the haklng powder? ! r/mole.

8-7.

teest calc 9.06x84

761,04

O cener _O007hy

EMC Very road.

ERD OF PROBLTY
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UNIT 10
SOLUBILITY FPRODUCT CALCULAT [UNS

10-7. &
)

solution 1s 0.10 M in C1” and 0.30 M in CrO, .

T

If so0lld AgNO3 is gradually added to this solution
(assume no volume change), which will precipitate
first - AgCl (Kgp = 1.0 x 107!'°), or Ag.CrO,

- -12
(Kgp = 2.4 x 10712%)2

b) What will be the concentration of Cl1~ when the second
substance begins to precipitate?
c) At this point, what percent of the Cl1~ originally
present still remains in solution? :
PROBLYM 10-7
In this problem we are concerned wieh caulttbria (ovalving three dlfferent fons, two
of which are antons (nepative tons).  Please name these two anicns,
seeas chlorlde and chromate
OK, and does thelr concentrating In the solutlon increase, decrease nr
remaln cnnatant durlng the process described In the problem?
Type "Inc", "dec" or “no change"
LR LS X BN Vel chgnxe
But acrording to the problemm, precipltates contalnlnr both {ons are eventually
formed; a certaln amount of each of these lons s accardinply reroved fram the
soiution, and thelr concentration accordlinrly decreases, Anyway, precipltotes arce tormed.  What

Is the"catinn In the preclpltates?

sater Ape

OK, and dnes thea sllver ion concentratinn Increase, decrease, or remale constant?
Please typec one of Increase, decreasec, or no change.

tearee [ncrease

Very pond--you se=m to have the plcture! Motice that silver lon ts involve' In
two solubillity equilibria here. Each of these equilibria Is describer by a
solubl ity product expression. Wrlte out the K$P expressinn whose value Is l.0e-10,

eease (Ape)(C1-) % 1,.0e-10

Perfect!

He now have (/g+¢ ) Cl-) = 1, ge-1n .

Now the concentration of chioride lon Is given In the problem as 0.1 molar.
What value of (Ag+) Is required to precipltate AgC1?

seevs 1, ge-9

Very good! At first, there Is no Ag+ lon In the solution; as Ap+ is added.
Its concentration Increases until it reaches this value. At this pelnt, Agll
precioitate berins to form. But let's now look at the stlver chramate
equlllbriun, write out the Ksp expression for Ag2CrOb,

tnten (Ag#ﬁl"
? PLEASE RIPEAT

(Ag+)¢*2(CoGl~=) = 2.lp-12 "

Great}

(= continued)



Or, now 1€ ynu solve this exz-ess or for (2g¢), you get:
hg+) & (2.Le=12 J (TrOL-=) )ee0.5 or sqrt{{2.%e-12 / (Crou-=))

The chromate ion concentration Is piven as 9.3 molar. You should nnw he able to flnd the
siiver lon concentration at which preclpitation of Ap2CrOt commences, using the cale
function Jf necessary (but renmenber to leave the "e-12" part out - caler canrot hardle
large exponentials; the sqrt of 10++-12 is of cource 10+#*-6, and you can reinse:t
this after your calculation.

Try It now, ustng CALC. Then type In the answer. Type "help" if you have trouble
wlth CALC. -

senes  palc sqrt 2.4

Good- ) . .
So the chromate begins to ppt. when (Ag+) = 2.F3 E-6 M, and the Cl- comes down when
(Ag+) = 1,0 E-9 M. Now which sait precipftates FIRST?

rsannn ApCl -

0f coursen! :

Now Qhe next thing we must do Is find the (Ci-) fon concn remaining In solutlon when the
SECOKD Tan (CrO4-~) beglins to precipitote. What is the Ag+ lon concn at this polint?

seees 2. 830-6 2

Right.
Now from the relation
{(Ag+)(CY1-) = 1.0E-19 « Ksp,
you can substitute to find the Cl- Jon conen. Please do this and enter your answer.

feeee calc 1/2.83
0.3533568
sanne  353p-4
Very gond!
And finally, we want to find the percent of the oririnal (0.1 M) C1- stll) {n the
solution~ 1.e., that was not removed by the Ag+ at the polnt that the second lon
begtins to ppt. This Is just the ratin of <he fipa) C1- fon concn (that you just Y

calculated) tn Its Inltlal value (0.1), expressed as apercent, Please
enter this result.

wsone 00353
. Ynur decimal lacation o to be out. 1Iry araln.
sannn 034

Cxcrllent- that's it
EHND OF PROBLEN
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UNIT 11

AC ID~BASE CONCERTS

PROLLEIM 11-2

This prohlem ls concorned with conjurate sprecles - aclds and bases. Do you vederstand
what conjugate sprctes arn?

tesee yes
Very roond.

what Is the conjurate acld of the base A-?

tevee .||A

Fine!

Remember that:

an ACIN and 1ts CONJUGATE BASF, and a BASE and fts COHNJUGATE ACID, EACH DIFFFR BY THF
PRESENCE OR ABSENCE OF OME PROTCM,

Now let's get to work on the prnblem.

Problem 131-2 is divided Intes twn parts; Part (a) Is on conjurate actds, part (b) on
conjugate bases. Vhich section do you wish to go through first? (Answer “a“ or “b")

eseee 3

OK, type In the formula of the conjugate ACID of each substance Indicated.

H20 (water):
seeee }30+
Good.
H20 ¢ H+ ==> H3O0+

Water Is acting as a BASE here (it accepts a proton). The resulting species H30+ can now
act as an acld, so it is the CONJUGATE ACID of H20.

Now on tn the next one:
Cl- (chloride ion):
sesne H(HL
Right.
H+ + Ci~ <~=> HCI
Ct~ lon is the conjugate BASE of HCi, so HC1 is the conjugate ACID of Ci-, Since HCI
Is a very STRONG ACID, its conjugate base Cl- Is a very WEAK BASE; it dces not tend to
back-react. So the other little gem for you to-remember is that:
The cnnjugate BASE of a STROMG acid is WEAK;
The conjugate ACID of a WEAK base is STROHG;

...land vice versal)

Now on to greater things;

S0L-~ (sulfate lon; note the tun negative charpes):
aneer 2S04

You've rone too fart H2S0L is the conjupate acld nf the conjupate acld of S0h--. You
only want to add one prnton here. pPlease try araln.

senss {504~
Ripht!
He + SOh-- ==> HSOU-
This Is called the hydrogen suifate (someflmqs "blisulfate™) lon. Hext one is:
NH3 (ammnnia):
seens NHY+
Very pond.
S 4 He ==> Hine
Ammonla Is known as a base bacause 1t undnernes this reaction, praducing amconium ron.
M3 1s al!l In the farm of dlh+ lon In acidle snlutions (where therr are plenty af 14 lons

around), and partiy se {n plain witer, where B3 [ a stranpg cusush base to ol a few
protnns off the H20,



SYSTEM NOTFS

Each problem in CHEMEX is a separate unit, inde-
pendent of the others both in sequence and means of
access. (Within any one CHEMICAL CALCULATIONS wunit,
problems of a higher number tend to be more saphisti-
cated“§f enploy concepts deveioped in earlier prob-
lems, but c¢ther than In this sense, no one problem is
really prerequisite to another). '

The couurse as a whole is segmented; each segment
contains the material associated with three of the
problem units, and except for segment-NN, the various
segments are numbered according to the number of the
tfirst problem unit they contain. Labels associated
with each problem unit commence with a different
letter of the alphabet, and the first digit 1in the
label identifies the number of the problgm within the
unit. )

Segmentation is transparent to the students,
however, so no special instructions are necessary,

The various problems are accessed through a direc-
tory that resides Iin segment-00. All students are
branched to this directory on restart; this means
that [f a student signs off before completing a prob-
lem, he will have to start over if he wishes to com-
plete 1t.

After a problem has been completed, the student is
branched back to the '"directory” section, and invited
tc choose another problem. Students also have the
option of discontinuing work at any point within a
problem and accessing the directory at any time by
typing "go to other'.

In certain problem sections, students requesting
the material are branched first to a section that
checks their background and offers them some prelimin-
ary exercise in the subject. For resistered stu-
dents, a switch 1is wusually loaded to prevent subse-
quent choices of problems in these sections to ronte
them through this background material.

In most parts of CHEMEX, the command "“HELP" is
treated as a regular student answer; the keyword
fragment "he'", along with other frapments Intended to
pick up §imFTar student cormments, are stored in bt
anq e!icut a prompting or remedial response where
this is appropriate. Throughout most of the course,
spaces and carriage control characters are edited
from student responses, and all inputs are shifted to
lower case. Backspace correction is also allowed,



CHHEMEX requires the use of a number of user-writ-
ten functions. We also strongly recommend the implae-
mentation of certain system modifications. Externsl
users should obtain current versions of these items
when implementing new releases of the program. Sys-
tem supervisors should note that parameters 20, 29,
and 30 (which are unassiePned in CW!1!.2) are required
with CHEMEX.

CHEMEX is written in Coursewriter 111, Version 2,
an |BM Program Product supported on 360/370 systems.
The text material of CHEMEX is copyrighted in Canada,
U.S.A., and the U.K. by Simon Fraser University.
CHEMEX may be implemented on external systems only
wit h permission of the copyright owner. Copies of
this course are supplied to user institutions on the
understanding that the proprietary rights of the
University will be honored, and that copies will not
be supplied to other institutions without our written
permission.

seqment labels problem units
chemex-0C ———— )

fm—— 2

Me———— 3
chemex-0u4 = —— 4

Qu—— 5
chemex=07 ro————— 8
chemex~-10 bH=——— 10



